Abstract
1
Although infection can be primary, in human immunodeficiency virus (HIV)/AIDS patients, more than 95% of toxoplasma encephalitis is caused by reactivation of a latent infection. 2 Following infection, T gondii undergoes asexual reproduction that culminates in the formation of tissue cysts, which persist for the life of the host. [2] [3] [4] [5] In the immunocompetent host, immunity is usually suYcient to contain the latent infection and thereby limit the disease. 3 When host defences are impaired, owing to HIV infection, malignancy, or immunosuppressive drugs, reactivated toxoplasmosis occurs because tissue cysts rupture and release the active bradyzoite, which results in clinical disease. 6 Serodiagnosis of reactivated toxoplasmosis is diYcult. Toxoplasma specific IgG may not be detected in up to 3% of HIV/AIDS patients with reactivated toxoplasmosis. 2 In addition, detection of toxoplasma specific IgG does not distinguish current from past infection, 7 and the acute episode of reactivated toxoplasmosis may not be associated with a significant change in titre. [2] [3] [4] In primary toxoplasmosis, detection of specific IgM indicates acute infection, 8 but in reactivated toxoplasmosis, this too is frequently not detectable. [2] [3] [4] Therefore, diagnosis is often based on a combination of epidemiological, clinical, and radiological data. 9 IgG western blotting in HIV/AIDS patients failed to demonstrate antigens associated with reactivated toxoplasmosis, 10 11 but predominantly high molecular weight antigens were examined in both of these studies. We have demonstrated previously the importance of detecting antibodies against low molecular weight antigens in primary toxoplasmosis. 12 Therefore, the current study examined the detection of such antibodies in the diagnosis of reactivated toxoplasmosis in HIV/AIDS patients and in non-HIV/AIDS immunocompromised patients.
Methods
Fifty six serum samples from 23 immunocompromised patients investigated for reactivated toxoplasmosis were tested for T gondii specific IgG and IgM antibodies using in-house enzyme linked immunosorbent assays (ELISAs). 13 14 Results were confirmed using a micromodification of the dye test 15 and a commercial IgM capture ELISA (Toxonostika ELISA-IgM; Organon Teknika, Cambridge, UK). A third more sensitive IgM assay (Toxo-ISAGA; BioMerieux, Marcy L'Etoile, France) was used to test sera that were negative by one or both ELISA IgM methods. The control group was 23 patients (28 sera) diagnosed with primary toxoplasmosis. These were used to establish the progression of antigens recognised during primary toxoplasmosis.
The patients were grouped retrospectively, according to whether they were HIV/AIDS or non-HIV/AIDS immunocompromised, and according to clinical (cerebral lesions, response to treatment) and serological evidence of reactivated toxoplasmosis. Group 1 comprised 15 HIV/AIDS patients (33 sera) and was subdivided into three further groups. Group 1A comprised six patients with clinical (two patients) and/or serological (six patients) evidence of reactivated toxoplasmosis; group 1B comprised five patients with clinical but no serological evidence of reactivated toxoplasmosis; and Group 1C comprised four asymptomatic patients. Group 2 comprised eight non-HIV/AIDS patients (23 sera) (four leukaemia, two other malignancy, two on immunosuppressive treatment). There was serological evidence of reactivated toxoplasmosis in all eight of these patients, but clinical information was available for only two (confusion and fever in one patient, cerebral lesions in the second).
Western blotting was performed as described previously. 12 Briefly, antigen was prepared using toxoplasma tachyzoites harvested from the peritoneal cavities of cotton rats infected 66 hours previously. Antigen was washed with sterile, normal saline, frozen and thawed, sonicated, and then mixed with an equal volume of lysis buVer containing 4% lauryl sulphate and 2% 2-mercaptoethanol. Antigen was stored at −20°C until use. Proteins were separated by sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE), 16 using a 15% polyacrylamide separation gel with a 3% stacking gel. Antigen was boiled for five minutes and 125 µl was applied evenly to the entire length of a single well, 125 mm long. In two separate lanes, a mixture of molecular weight markers, either prestained (Sigma Chemical Company Ltd, Poole, Dorset, UK) or unstained (Sigma dalton mark V11-L), was added. Gels were electrophoresed overnight at 8 mA/gel. Proteins were transferred on to a nitrocellulose membrane in an LKB Transphor immunoblotter at 300 mA/gel for four hours at room temperature. The nitrocellulose membranes were blocked using 5% non-fat dried milk in phosphate buVered saline (PBS), pH 7.2, for one hour, rinsed with PBS, dried, and stored in the dark at room temperature until use. The membranes were cut into strips ∼ 3 mm wide, incubated overnight with human serum diluted 1/50 in 5% non-fat milk in PBS/0.05% Tween 20 (PBST), washed with five changes of PBST, and incubated for two hours at room temperature with conjugate (Sigma; goat antihuman IgG peroxidase) diluted 1/1000 in 5% non-fat milk in PBST. After four washes with PBST and one with PBS alone, the substrate was added (0.06% 4-chloro-naphthol in methanol, 0.014% hydrogen peroxide in PBS). After 10 minutes, the strips were washed twice with PBST, twice with distilled water, and dried.
Results
In the control group, raised dye test titres were measured and specific IgM was confirmed positive in all sera. The time since the onset of symptoms was known for each patient. This ranged from 1 to 36 weeks and was consistent with the serological results. Using western blotting, antigens with molecular weights between 6 and 116 kilodaltons (kDa) were identified. No bands were seen in a T gondii specific antibody negative control serum. A 15% polyacrylamide separation gel was used to improve separation of low molecular weight antigens and, therefore, only antigens < 37 kDa were studied in detail. In sera collected within four weeks since the onset of symptoms, antibodies against 28 and 29 kDa antigens predominated (table 1) . These continued to be detected until 16 weeks and antibodies against 6, 20, 22, 23, 25, and 36 kDa antigens became more prominent (table 1) . Between 17 and 36 weeks after the onset of symptoms, antigens with molecular weights of 31, 32, and 34 kDa were detected with increasing frequency (table 1) . Antibodies against 28 and 29 kDa antigens were also detected in past infection, but less frequently. 12 Instead, antibodies against 31, 32, and 34 kDa antigens predominated (table 1) .
All sera from the 23 immunocompromised patients were dye test positive. In group 1A, raised dye test titres were measured in one or more sera from five of six patients. In patient 1 (table 2), samples with raised dye test titres that were confirmed specific IgM positive were preceded by one sample with a normal dye test that was specific IgM negative by all three methods. In this sample, using western blotting, only antibodies against 28, 29, and 31 kDa antigens were detected. In the later sera, these bands were also present, but with increased intensity (table 2, fig 1) . Bands representing 6, 20, 22, 23, 25, and 36 kDa antigens were also stained intensely, and those at 27, 32, and 34 kDa less so (table 2, fig 1) . Sequential sera were also available from a second patient in group 1A. In the first sample from patient 2, serology was normal and only 28, 29, and 36 kDa antigens were recognised (table 2, fig 1) . The dye test was also normal in subsequent sera and IgM was detected only when the most sensitive method was used (Toxo-ISAGA). However, using western blotting, the intensity of staining of the 28, 29, and 36 kDa bands increased and antigens at 6, 20, 22, 23, 24, and 31 kDa were recognised (table 2, fig 1) . The results of patient 2 indicate that some low molecular weight antigens might not be detected in all sera, and some might be detected in sera as a result of past infection. Therefore, detection of four or more of the most intensely stained bands (6, 20, 22, 23, 25 , and 36 kDa) was considered to be a positive result. Detection of antibodies against the 28, 29, and 31 kDa antigens could not be included because these were common both in acute and past infection (table 1). Positive western blot results were obtained in sera from three other patients from group 1A: all three had raised dye test titres and two were IgM positive. Bands representing 6, 20, 22, 23, and 25 kDa antigens were also recognised by sera from one other patient with a raised dye test titre, but their intensity was insuYcient to be considered a positive result.
Group 1B comprised five HIV/AIDS patients with clinical evidence of reactivated toxoplasmosis (cerebral lesions and/or response to treatment). All had normal dye test titres (< 125 IU/ml) and specific IgM was not detected by any of the three methods. However, western blot positive results were obtained for three of these five patients (one sided McNemar test, p < 0.05, confidence interval −1.55 to 2.75). In the remaining two patients from group 1B, the western blot pattern was one of past infection. Patients (four) in group 1C were all asymptomatic. In three of four patients, the dye test titre was normal and specific IgM was negative. In these patients, western blotting indicated past infection, confirming the other results. In the fourth patient, the dye test titre was normal and both ELISA IgM methods were positive; however, these may have been false positives because the Toxo-ISAGA test was negative. Western blotting indicated past infection but this may have resulted from the low dye test titre (15 IU/ml) and was not reliable enough to confirm the IgM positive results.
Group 2 comprised eight non-HIV/AIDS immunocompromised patients. Serial specimens were tested from two patients (patients 3 and 4). Both had past infection as determined by stable dye test titres, specific IgM negative, and western blotting (table 2). Subsequently, both had raised dye test titres and one (patient 4) was IgM positive by ELISA. Faint bands
Figure 1 Toxoplasma gondii antigens recognised by antibodies in sera from patients with primary and reactivated toxoplasmosis. Lane A, primary toxoplasmosis (early infection); lane B, primary toxoplasmosis (later in infection); lane C, past infection; lane D, patient 1 (dye test normal); lane E, patient 1 collected five weeks later, during reactivated infection (raised dye test); lane F, patient 2 (normal dye test); lane G, patient 2 collected during reactivated infection (normal dye test).
representing 22, 23, and 25 kDa antigens were present in sera from patient 3, even when the dye test titre was normal. These and other bands were more intense after the dye test titre increased (table 2) . In patient 4, only bands of 28 and 29 kDa were detected in the first serum sample, but this also reverted to a western blot positive pattern in subsequent sera. Western blot positive patterns were obtained in five other patients from group 2. This corresponded to raised dye test titres and IgM positive results in five of five and four of five patients, respectively. The last patient had a normal dye test titre but IgM was detected by ELISA. Only three low molecular weight antigens (6, 23, and 36 kDa) were recognised, thus failing to meet the criteria for a western blot positive result.
Discussion
Identification of the toxoplasma antigens that are important in primary toxoplasmosis should enable improved diagnosis of reactivated toxoplasmosis in immunocompromised patients. Whereas other workers have measured primarily high molecular weight antigens, 17 18 previously we have observed diVerences in the detection of low molecular weight antigens. 12 Antigens of 28, 29, and 36 kDa were recognised by antibodies in 10 of 10, nine of 10, and nine of 10 patients with acute infection, respectively; they were also recognised in five of 10, four of 10, and one of 10 patients with past infection, respectively.
12 Therefore, their presence cannot be regarded as diagnostic of acute infection. Detection of a 6 kDa antigen has also been suggested to be an indicator of acute infection, 12 19 20 but because it was recognised in five of 10 sera from patients with past infection 12 it too might not be specific. Antigens of 22-25 kDa were also recognised by nine of 10 patients with acute infection. 12 In the present study, these antigens were separated more clearly and antigens at 20, 22, 23, and 25 kDa could be recognised. These were detected in 14 of 28, 20 of 28, 21 of 28, and 21 of 28 sera, respectively, from patients with acute infection. DiVerences could also be a result of inaccuracies in the timing of specimens. Nevertheless, in the previous study, 12 the 22-25 kDa antigens were not recognised in any sera from patients with past infection. This suggests that these antigens may be specific to acute infection.
In reactivated toxoplasmosis, recognition of antigens with molecular weights 18-180 kDa has been examined. 10 11 In one study, 10 antigens with molecular weights 26-38 kDa were recognised by antibodies in the sera of HIV/AIDS patients, both with or without reactivated toxoplasmosis. However, as there was no pattern that was characteristic of acute infection, 10 presence of these antigens was not used to diagnose reactivated toxoplasmosis. In our study, antibodies were detected against 6, 20, 22, 23, 25 , and 36 kDa antigens in 15 of 19 patients with reactivated toxoplasmosis, an antigen recognition pattern similar to that seen in acute primary toxoplasmosis. Unlike a previous study, 10 our work included some sera collected before and during the period of illness. In four patients (two HIV/AIDS and two non-HIV/AIDS patients), an antigen recognition pattern seen in past toxoplasmosis reverted to one similar to acute primary toxoplasmosis. In particular, sera from patient 1, collected before illness, had an antigen recognition pattern characteristic of past infection. Demonstration of bands representing 6, 22, 23, 25 , and 36 kDa antigens in sera collected five weeks later coincided with a significant change in dye test titre, detection of specific IgM, and a worsening clinical condition. A similar reversion was observed in sera collected from patient 3, and this also corresponded with clinical deterioration and an increase in dye test titre, but specific IgM was not detected. Longitudinal studies of sera collected before and during episodes of reactivated toxoplasmosis have been performed by other workers. 11 However, the diVerences in the antigens recognised were attributed to strain variation. 11 Thus, contrary to previous studies, 10 11 our results indicate that there is an antigen recognition pattern characteristic of reactivated toxoplasmosis. No clinical information was available for the other two patients in whom the reversion western blot was demonstrated and, although it is possible that the reversion accompanied clinical changes, this cannot be confirmed.
The number and intensity of bands detected by western blotting corresponds to the dye test titre. 12 Therefore, changes in antigen recognition may be attributed to diVerences in titre between sequential sera. In our study, the intensity of the 28 and 29 kDa bands increased between sequential sera from immunocompromised patients, reflecting the increase in dye test titre. However, because these antigens are also recognised in past infection, 12 their detection is not indicative of reactivated toxoplasmosis. The relative increase in intensity of the 6, 20, 22, 23, 25, and 36 kDa bands was greater than that of the 28 and 29 kDa bands. Increases in the intensity of low molecular weight bands were seen in patient 2, but without a corresponding increase in dye test titre, whereas the intensity of staining of bands representing high molecular weight antigens changed little between past and reactivated infection. This suggests that changes are not a factor of the dye test titre alone. Instead, this demonstrates the heterogeneity of antibodies detected even when dye test titres are identical, 11 and that the detection of some low molecular weight antigens is diagnosic of reactivated toxoplasmosis.
Elevated dye test titres have been found to precede the first clinical and radiological signs of toxoplasma encephalitis in HIV/AIDS patients. 21 Detection of antibodies against low molecular weight antigens, even in sera with a normal dye test, might also be important. This is demonstrated by our observation of western blot positive results in the sera from patients with clinical but no serological evidence of reactivated toxoplasmosis (group 1B). Therefore, a western blot positive result is an improvement over other serological techniques.
Re-emergence of antibodies against low molecular weight antigens might be caused by the presence of circulating antigens. 11 22 Circulating antigens have been detected in HIV/ AIDS patients with reactivated toxoplasmosis, and have been found to be highly immunogenic, even in immunocompromised patients. 11 22 Alternatively, antigens with molecular weights 18, 23 21, 23 23-25, 23 24 and 27 kDa 19 have been shown to be bradyzoite specific, and were apparent four to six weeks after infection. These might correspond to the 20-25 kDa antigens that we detected, perhaps indicating the detection of bradyzoites. This would be consistent with release of bradyzoites from ruptured tissue cysts in reactivated toxoplasmosis. In reactivated cerebral infection, toxoplasma DNA, perhaps from ruptured cysts, might also be detected in blood by the polymerase chain reaction (PCR). 1 25 Thus, western blotting and PCR could be used together to optimise diagnosis of reactivated toxoplasmosis; this should be investigated further.
In conclusion, re-emergence of antibodies against the 6, 20, 22, 23, 25, and 36 kDa antigens, common in primary toxoplasmosis, is diagnostic of reactivated toxoplasmosis in immunocompromised patients. Antibodies against these antigens can be detected in patients with a normal dye test titre as well as one which is raised, and is a significant improvement in diagnosis. Low molecular weight antigens might be bradyzoite specific, and detection of antibodies against them might signify release of bradyzoites from ruptured tissue cysts.
